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Summary This study reviewed the relationship between oral status and nutritional disorders such
as obesity and sarcopenia. A literature search was performed using PubMed to find articles published
in and after 2000 by using the following search terms: elderly, nutrition, tooth, tooth loss,
mastication, and oral function. Although the literature search revealed that further well-designed
studies are difficult controlling all confounding factors thought to influence nutritional status, it may
be concluded that tooth loss leads to decreased vegetable and fruit intake and results in nutritional
disturbance. This was especially prominent in elderly people who required nursing care. Moreover,
although it is becoming clear that not wearing dentures increases the risk of undernutrition, the
effect of denture therapy remains debatable. Elderly people in need of nursing care should be
studied in future investigations on the relationship between nutrition and oral status because this
population is at risk of malnutrition considering both functional and structural problems.
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Nutrition is certainly the foundation of health. Recently, it is
well recognized that nutritional disorders such as metabolic
syndrome [1] and sarcopenia [2] cause a systemic disease and
much effort has paid keeping good body weight. The stoma-
tognathic system is closely related to nutrition because it is
the entrance to the digestive tract, therefore many studies
have addressed the relationship between nutrition and oral
status.
This article review the studies published in the past 10
years that focused on nutrition and oral status in elderly
people and discuss oral condition can cause the nutritional
disorders like obesity and lean body weight.
2. Methods
A literature search was conducted via PubMed to find articles
published in and after 2000 by using the following search
terms: elderly, nutrition, tooth, tooth loss, mastication, and
oral function. English articles and the papers they referenced
were used to summarize the relationship between nutrition
and oral status.
3. Results
3.1. Relationship between oral status and food
and nutrition intake
In the early 2000s, large cross-sectional studies on the
relationship between nutritional and oral status were con-
ducted in Britain and the United States. Sheiham et al. [3]
used 753 healthy subjects aged 65 years and older from
Britain’s National Diet and Nutrition Survey (NDNS) to inves-
tigate the relationship between the oral condition and the
results of a 4-day meal survey. The results showed signifi-
cantly less serum ascorbic acid and retinol intake in eden-
tulous subjects, even when considering confounding factors
such as age, sex, and educational history. Nowjack-Raymer
and Sheiham [4] used the results of the U.S. National Health
and Nutrition Examination Survey (NHANES) III to compare
the nutritional state of dentulous and edentulous subjects.
Edentulous subjects accounted for 36% (1373 of 3794) of the
total population. The results of a 24-h meal survey showed
that this group consumed 2.1 times fewer carrots and 1.5
times less salad, which were both significant differences.
Further, multivariate analyses considering confounding fac-
tors found that serum beta-carotene, folic acid, and vitamin
C levels were significantly lower in edentulous subjects.
Many other studies were conducted using this NHANES III
which compared among the subjects with the number of
occlusal contact unit [5], those who had at least 1 remaining
tooth without dentures [6], and those who had ill fitting
denture or not [7]. Similar results were reported in later
studies on the NHANES 1999—2002 [8,9]. And the study on
the NHANES 1999—2004 that considered the confounding
factors of age, race, and educational history reported that
dentulous men consumed significantly more total calories
and vitamin C, and dentulous women ingested significantly
more beta-carotene [10].These studies used multivariate analysis to attempt to
eliminate the influence of confounding factors that are known
to affect the relationship between tooth loss and nourishment,
including age, sex, educational history, and smoking history.
Furthermore the race and economic status were also con-
founding factors [11]. It was well-known that edentulousness
affects nutrition more in white subjects than in black subjects
[12]. To eliminate these confounding factors, relatively homo-
geneous sample were used such as the same race [13], and low-
income earners [14]. Moreover, some studies were designed to
use medical profession as subjects because their educational
history and incomes might be almost equal. Hung et al. [15]
conducted an 8-year follow-up survey on 31,813 male medical
professionals, and found reduced intake of polyunsaturated
fat and vitamin E in subjects who lost 5 or more teeth com-
pared to subjects who did not lose teeth. The consumption of
apples, pears, and carrots also decreased in the group with
tooth loss. A similar follow-up study in 83,104 female nurses
found that subjects who lost 5 or more teeth over 4 years
consumed fewer apples, pears, and carrots [16]. In Japan,
Wakai et al. [17] studied 20,366 dentists to examine the
number of remaining teeth and nourishment, and showed that
consumption of carotene, vitamin A, vitamin C, dairy pro-
ducts, and green/yellow vegetables decreased whereas inges-
tion of carbohydrates, rice, and confectionaries increased as
tooth loss increased. In other cross-sectional studies con-
ducted in Japanese subjects, subjects with 20 or more teeth
were compared to those with less than 20 teeth [18], and
subjects in whom molar occlusion was maintained with the
remaining teeth were compared to subjects in which it was
maintained by dentures [19]. These studies found same results
with Western countries that tooth loss influenced fruit, vege-
table, and vitamin intake.
Studies from Australia [20], Brazil [21,22], Taiwan [23],
and Nigeria [24] have largely supported the aforementioned
effects of tooth loss on nutrition. In contrast, reports from
Sweden [25,26] found no relationship between tooth loss and
nutrition. Moreover, Shinkai et al. [27] reported that food
intake was not significantly influenced by the number of
occlusal units in the molar region or the number of remaining
teeth using the US national survey. Vitamin C and dietary
fiber intake was related to mastication efficiency and occlu-
sal force, although this significance was weak. Similarly,
Kagawa et al. [28] used gummy jelly to evaluate 1535 healthy
Japanese subjects (age, 60 years), and showed that
decreased mastication functions had a greater effect on
reducing fruit and vegetable intake than did the number
of remaining teeth. In contrast, Bradbury et al. [29] reported
that fruit and vegetable intake was not significantly related
to subjective mastication ability as measured with a ques-
tionnaire. Another article reported that people who avoid
certain foods or modify foods to make them easier to eat tend
to develop malnutrition [30]. Consequently, determining all
of the confounding factors that can influence nutrition is
challenging, and revealing a universal relationship between
tooth loss and nourishment will be difficult.
3.2. Effect of oral status on nutritional disorders
It could conclude from abovementioned studies that tooth
loss leads to reduced fruit and vegetable intake. Therefore,
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in nourishment, several studies have hypothesized that tooth
loss is also connected to the nutritional disorders of obesity
and lean body weight. Marcenes et al. [31], who examined
the relationship between body mass index (BMI) and tooth
loss by using the same subjects from the British NDNS survey
[3] clarified that subjects with 20 teeth or more maintained
an appropriate BMI (20—25). Further, the number of teeth is
not directly related to BMI, but that both obesity and under-
nutrition tend to increase due to tooth loss [32]. In the
Health, Aging, and Body Composition Study, Lee et al. [12]
reported that significantly more subjects whose body weights
increased by 5% over 1 year were edentulous, regardless of
race. Studies from Brazil also reported significantly more
obesity and larger abdominal circumferences in edentulous
subjects and subjects with few remaining teeth who were not
using dentures [33,34]. In addition, do Nascimento et al. [35]
examined 835 subjects aged 65 years or greater from the
Frailty in Brazilian Elderly Study, and found that more eden-
tulous subjects who were not using dentures were over-
weight, obese, or had low body weight compared to
subjects with 20 or more teeth. Reports from Korea [36],
Thailand [37], and Sri Lanka [38] have also found that many
edentulous subjects had low body weight. Moreover, Daly
et al. [39] found a significant relationship between low body
weight and the number of remaining teeth by using the Mini
Nutritional Assessment (MNA)1 [40], a widely used method of
nutritional screening. Samnieng et al. [41] showed that
mastication ability, in addition to the number of remaining
teeth, was related to low body weight. Similarly, Ikebe et al.
[42] evaluated objective chewing functions by using gummy
jelly, and found a relationship between decreased mastica-
tion and low body weight. By using a questionnaire to eval-
uate subjective mastication ability, Makhija et al. [43] found
that many obese subjects said they would avoid foods they
wanted to eat because they were unable to eat them, that
many overweight subjects would process their food to make
it softer, and that many subjects with low body weight said
that dry mouth made many foods difficult to eat. A strong
relationship has been shown between avoiding foods or pre-
paring meals in a certain way and oral health [44], and dry
mouth can cause mastication disturbance [45]. In fact, Nyka-
nen et al. [46] reported that mastication disorders caused by
dry mouth were significantly related to undernutrition in the
MNA Short Form (MNA-SF)1 [47]. Samnieng et al. [48] found
that subjects with reduced salivation had fewer remaining
teeth and lower MNA1 scores than subjects with normal
salivation.
3.3. Effect of denture therapy
Although denture quality has almost no effect on food and
nutrient intake [49], dietary instruction by a registered
dietitian after denture treatment is reported to be essential
[50,51]. Further, a cross-sectional study using the MNA1
showed that totally edentulous subjects without dentures
were at a higher risk of undernutrition [52]. However,
another study reported an elevated risk of undernutrition
even in edentulous subjects with dentures [53], showing that
the effect of dentures remains unclear. Similarly, longitudinal
studies that examined subjects before and after denturetherapy reported that MNA1 scores improved after denture
therapy in subjects with partial dentures [54] as well as in
subjects with complete dentures [55]. However, another
study using the MNA1 showed that subjects remained at risk
of undernutrition even after being fitted with full dentures
[56]. Thus, it is difficult to discern whether denture therapy
effectively improves nutrition.
Several studies have also been performed on implant
therapy, comparing totally edentulous subjects fitted with
complete dentures to similar subjects fitted with full upper
dentures and lower overdentures on implant abutments.
Cross-sectional studies found no differences between the 2
groups [57,58], while a contrastive study reported an
improvement in nutritional status after therapy [59]. More-
over, 2 randomized controlled trials showed no significant
serological difference between these 2 groups [60,61]. These
results suggest that implant overdentures are no better at
improving nutrition than conventional full dentures, which is
similar to the conclusion of a previous review article [62].
3.4. In case with the elderly who need nursing
care
A previous review article made the general assessment that
tooth loss in elderly people who need nursing care is likely to
have a larger impact on nutrition than that in healthy elderly
people [63], and another study indicated that denture use
made more of a difference in this population than in healthy
subjects [64]. The authors [65] studied the nutritional status
of 716 at-home care patients with MNA-SF1. Compared to the
subjects where the occlusal relationship was maintained with
the remaining teeth, the denture group was 1.7 times more
at risk of undernutrition, and the group in which the occlusal
relationship was not maintained was 3.2 times more at risk.
Similarly, a study of at-home care patients by Soini et al. [66]
showed that totally edentulous subjects without dentures
had significantly lower BMIs. Moreover, a report on subjects
living in nursing facilities found that upper-lower edentulous
subjects without dentures were more at risk of undernutri-
tion as measured by the MNA1 compared to subjects with
dentures [67]. Another study found that many subjects whose
dentures were diagnosed as ill-fitting by a dentist were at risk
of undernutrition [68]. A study on inpatients in a rehabilita-
tion hospital reported that upper-lower edentulous subjects
without dentures had significantly a BMI less than 18.5 and
serum albumin levels less than 3.5 g/dl [69]. Further, a 2-year
observational study on elderly patients with dementia living
in nursing facilities reported a significant decrease over the
study period in average calories consumed per day only
among subjects not using complete dentures [70].
Kanehisa et al. [71], examined changes in body weight
after denture therapy among 85 subjects living in a geriatric
hospital. In the 66 subjects using dentures, they found that
body weight increased significantly by an average of 1.2 kg
(3%) over 6 months. Serum albumin levels also increased
significantly. In contrast, Wo¨stmann et al. [72] found no
significant differences in albumin level and MNA scores in
47 nursing home residents 6 months after their dentures
were repaired or relined. Masticatory functions have been
shown to be significantly related to body weight and albumin
values in elderly people requiring nursing care [73], and a
Figure 1 Changes in body weight after 16 weeks of receiving
nutritional supplements and oral function training (modified
from reference no. 77). Intervention group: 7 subjects (1 man
and 6 women; average age, 85 years) were provided with
protein/energy load food products and performed oral function
training (movements of the lips, cheek, and tongue plus neck
rotation exercises). Control group: 7 subjects (2 men and 5
women; average age, 87 years) were provided with protein/
energy load food products.
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has been reported [74,75]. Sumi et al. [76] reported that
continuous oral care performed by a dental profession can
prevent the nutritional state from declining. Further, our
authors [77] clarified that significant body weight gain can be
achieved with a nutritional supplement and oral function
exercises among malnourished elderly who had a serum
albumin level of 3.8 g/dl (Fig. 1). Beck et al. [78] also
reported nutritional improvements through a multifaceted
oral care approach involving nutritional supplements and
group exercise training. They indicated that after 11 week
the change in percentage of weight and percentage of body
mass index was higher in the intervention group than in the
control group, resulting in normal range (Fig. 2). Other
studies found that anyone who thought that their oral status
was poor or who had not been examined by a dentist tendedFigure 2 Changes in body weight after 11 weeks of nutritional
supplements, group training, and oral care (modified from ref-
erence no. 78). Intervention group: 62 subjects were provided
with nutritional supplements (chocolate and a homemade bev-
erage), performed moderate exercises for 45 min to 1 h twice a
week, and received oral care from a dental hygienist 1—2 times
per week (20 men and 42 women; average age, 87 years). Control
group: 59 subjects who did not receive any intervention (13 men
and 46 women; average age, 86 years).to frail [79], that a decrease in tongue strength accompanied
a decline in the activities of daily living [80], and that
subjects with low body weight had reduced tongue thickness
[81]. Thus, the hypothesis that reduced oral function can
lead to low body weight and cause sarcopenia can be con-
sidered. However, well-designed longitudinal studies are
needed to demonstrate this hypothesis that reduced oral
function promotes deterioration in the nutritional state.
4. Discussion
This systematic review related to oral and nutritional states
published in and after 2000 revealed that it is extremely
difficult to design a further study that eliminates all of the
confounding factors thought to influence nutrition. However,
a near consensus that tooth loss leads to reduced fruit and
vegetable consumption was apparent. Although it was
unclear whether tooth loss was the causative factor of these
dietary changes, the reports did indicate the possibility that
tooth loss could lead to nutritional disorders like obesity and
low body weight. This effect appeared to be particularly
prominent in elderly people in need of nursing care. More-
over, while it has been shown that not wearing dentures
increases the risk of undernutrition, exactly how denture
therapy improves nutrition has not been fully clarified. In
future research, well-planned follow-up studies that inves-
tigate functional problems as well as structural problems, in
elderly people in need of nursing care and who are at risk of
nutritional disorders are required.
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